Abstract. KIF2A is a member of the kinesin-13 family and is involved in cell mitosis and spindle assembly. The abnormal expression and dysfunction of KIF2A are associated with tumorigenesis and the progression of certain human cancer types; however, little is known about the expression and roles of KIF2A in glioma. In the present study, the expression of KIF2A in 35 freshly isolated human glioma tissue samples was analyzed using reverse transcription-quantitative polymerase chain reaction (RT-qPCR) and immunohistochemistry (IHC). The association between the expression of KIF2A and clinicopathological parameters were assessed using the χ 2 test. The biological functions of KIF2A on the proliferation, apoptosis, migration and invasion of glioma cells were investigated using an A172 cell line. RT-qPCR and IHC results demonstrated that the mRNA and protein expression levels of KIF2A were significantly higher in grade III-IV glioma tissues compared with those in grade I-II glioma tissues (P<0.05). No significant correlation was observed between the expression of KIF2A, and age, gender, tumor location and size (P>0.05). In vitro, KIF2A gene silencing inhibited the proliferation, migration and invasion, and induced apoptosis in cancer cells. The present data suggested that KIF2A may be important in glioma progression and may serve as a novel predictive factor and therapeutic target for glioma.
Introduction
Glioma is the most common tumor type of the central nervous system and they occur in 6.42/100,000 individuals (1) . Despite the advancements in surgery, radiotherapy and chemotherapy, the survival rate of patients with high grade glioma has not significantly improved during the past several decades, predominantly due to regional recurrence (2) .
The kinesin superfamily proteins (KIFs) are a conserved class of microtubule-dependent molecular motor proteins exhibiting adenosine triphosphatase activity. KIFs are important in mitosis, meiosis and macromolecular transport (3) . The abnormal expression and dysfunction of KIFs may lead to the development and progression of various types of human cancer (4) (5) (6) (7) (8) . KIF2A, a member of the kinesin-13 family, is known to be involved in mitosis and mitotic spindle assembly (9) . Previously, the expression of KIF2A was demonstrated to be upregulated in squamous cell carcinoma of the oral tongue (SCCOT) and breast cancer, when compared with the adjacent tissues (10, 11) . KIF2A promotes SCCOT progression and metastasis, and breast cancer metastasis; however, little is known about the expression and roles of KIF2A in glioma.
In the present study, the expression of KIF2A was examined in 35 freshly isolated human glioma tissue samples, and its prognostic value for glioma patients was evaluated. The biological functions of KIF2A in glioma cells were also analyzed.
Materials and methods
Patient specimens. Intracranial tissue specimens were collected from 35 patients [23 males (65.7%) and 12 females (34.3%)] and included 15 grade I-II cases (42.9%) and 20 grade III-IV cases (57.1%), ranging in age from 4 to 70 years. The patients underwent primary and curative resection for glioma, and were pathologically confirmed at Qilu Hospital of Shandong University (Jinan, China) in 2014, for reverse transcription quantitative-polymerase chain reaction (RT-qPCR) and immunohistochemical (IHC) analyses. The patients were diagnosed based on the World Health Organization (2007) standard classification (12) . The fresh tumor tissues were immediately transferred to liquid nitrogen and stored at -80˚C for subsequent RT-qPCR. The remaining tissue was immediately dipped in 10% formalin (Sangon Biotech Co., Ltd., Shanghai, China) for IHC analysis. The present study was approved by the Institutional Review Board of Qilu Hospital of Shandong University, and written informed consent was obtained from each patient or the patient's family.
RT-qPCR. The total RNA was extracted from human intracranial tissues or cells using TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, USA). Single-stranded cDNA was synthesized using oligo dT16 primers and Moloney Murine Leukemia Virus Reverse Transcriptase, according to the manufacturer's protocol (Invitrogen; Thermo Fisher Scientific, Inc.). RT-qPCR was performed using a LightCycler 2.0 Instrument (Roche Diagnostics GmbH, Penzberg, Germany) and the cycling conditions were as follows: 30 sec at 95˚C, and 40 cycles at 95˚C for 5 sec, 60˚C for 10 sec and 72˚C for 15 sec for PCR amplification, according to the instructions of the SYBR ® Green Realtime PCR Master Mix [Toyobo (Shanghai) Co., Ltd.], which was used as the detection dye. Gene-specific amplifications were confirmed through a melting curve analysis at the end of the RT-qPCR. Relative gene expression levels were determined using the 2 -ΔΔCq method with endogenous glyceraldehyde-3-phosphate dehydrogenase (GAPDH) used as the reference gene. The following primers were used: KIF2A, sense: 5'-GCC TTT GAT GAC TCA GCTCC-3' and antisense: 5'-TTC CTG AAA AGT CAC CACCC-3' (154 bp); GAPDH, sense: 5'-GGT GGT CTC CTC TGA CTT CAA CAG-3' and antisense: 5'-GTT GCT GTA GCC AAA TTC GTTGT (127 bp).
IHC analysis and evaluation of immunostaining parameters.
The IHC procedure was performed according to an established protocol, with minor modifications (13) . Briefly, all glioma tissues were formalin-fixed, paraffin-embedded (Sangon Biotech Co., Ltd.), sectioned at 4 µm thickness using a rotatory microtome (Finesse™ 325; Thermo Shandon Ltd., Cheshire, UK) and then placed on slides pretreated with 3-aminopropyltriethoxysilane (ZSGB-Bio, Beijing, China). Following deparaffinization and rehydration, the sections were microwaved for heat-induced epitope retrieval in citrate buffer (ZSGB-Bio; 80˚C). The sections were subsequently washed with phosphate-buffered saline (PBS) and the endogenous peroxidase activity was inhibited with 3% hydrogen peroxide for 10 min. Next, the specimens were blocked with PBS containing normal sheep serum (ZSGB-Bio) at 37˚C for 30 min. Subsequently, the sections were incubated with rabbit anti-human anti-KIF2A antibody (1:4,000; Abcam, Cambridge, UK; cat. no. ab37005) overnight at 4˚C in a humidified chamber. Following rinsing with PBS, the slides were incubated for 30 min with secondary anti-rabbit antibody conjugated with horseradish peroxidase, according to the manufacturer's instructions for the PV-9000 2-step plus ® Poly-HRP Anti-Mouse/Rabbit IgG Detection System kit (ZSGB-Bio; 1:100). The slides were then exposed to diaminobenzidine for visualization and hematoxylin (ZSGB-Bio) for nuclear counterstaining.
The tissue sections were assessed by light microscopy (Olympus IX51; Olympus Corp., Tokyo, Japan; magnification, x200) by two pathologists in a blinded manner. Initially, a proportion score was assigned, representing the estimated proportion of positive tumor cells (0, none; 1, 1/100; 2, 1/100-1/10; 3, 1/10-1/3; 4, 1/3-2/3; 5, >2/3). Next, an intensity score was assigned, representing the average intensity of the positive tumor cells (0, none; 1, weak; 2, intermediate; 3, strong). The proportion and intensity scores were subsequently added to obtain a total score ranging between 0 and 8, with 0-3 indicating negative and 4-8 indicating positive (14) . The specimens were rescored if the difference between the scores from the two pathologists was >3.
Western blot analysis. Cultured cells (4x10 5 ) in a 6-well cell plate were homogenized for 60 min in 150 µl ice-cold radioimmunoprecipitation lysis buffer [50 mM Tris-HCl (pH 7.4), 150 mM NaCl,1% Triton X-100, 1% sodium deoxycholate, 0.1% SDS, 2 mM sodium pyrophosphate, 25 mM β-glycerophosphate, 1 mM EDTA, 1 mM Na 3 VO 4 and 0.5 mg/ml leupeptin] according to the manufacturer's instructions (cat. no. P0013K; Beyotime Institute of Biotechnology, Beijing, China), containing 1 mM phenylmethylsulfonyl fluoride (Beyotime Institute of Biotechnology). The samples were subsequently centrifuged at 15,000 x g for 10 min at 4˚C. The protein concentration was measured using a Bicinchoninic acid Protein Assay kit (Beyotime Institute of Biotechnology). The protein samples were denatured by boiling for 10 min prior to electrophoresis. A total of 10 µg each protein sample was separated by 10% sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) and were subsequently transferred onto a polyvinylidene fluoride membrane (EMD Millipore, Darmstadt, Germany) at 100 V for 90 min. Following blocking with 5% non-fat milk for 1 h at room temperature, each membrane was incubated with primary antibodies, including rabbit polyclonal anti-KIF2A (1:4,000), rabbit polyclonal anti-MMP-2 (1:1,000; Abcam; cat. no. ab110186), rabbit polyclonal anti-MMP-9 (1:1,000; Cell Signaling Technology, Danvers, MA, USA; cat. no. 3852) or rabbit anti-GAPDH polyclonal GAPDH (1:2,000; Proteintech Group, Inc., Wuhan, China; cat. no. 10494-1-AP), overnight at 4˚C, followed by three 10 min washes with Tris-buffered saline, containing 0.1% Tween-20 (TBST). Following incubation with peroxidase-conjugated affinipure goat anti-rabbit IgG(H+L) (1:5,000; Santa Cruz Biotechnology Inc., Santa Cruz, CA, USA; cat. no. SA00001-2) for 1 h at room temperature, the membranes were washed three times with TBST for 10 min. The bands were subsequently detected by enhanced chemiluminescence (EMD Millipore). The housekeeping protein GAPDH served as a loading control. Positive immunoreactive bands and the ratio of target proteins to GAPDH in optical density units were obtained using Image Station 4000 MM software (Carestream Health, Rochester, NY, USA).
Cell culture and RNA interference. The human malignant glioma cell lines, A172 and U251 were obtained from the Cell Bank of Type Culture Collection of the Chinese Academy of Sciences (Shanghai, China). The cells were cultured in Dulbecco's modified Eagle's medium (DMEM; Hyclone; Thermo Fisher Scientific, Inc.), supplemented with 10% fetal bovine serum (FBS; Gibco; Thermo Fisher Scientific, Inc.) at 37˚C in a 5% CO 2 humidified incubator. For RNA interference, the A172 cells were transfected with 50 nM KIF2A small interfering (si)RNA (5'-CAC CGG CAA AGA GAT TGA CCT GGT TCA AGA GAC CAG GTC AAT CTC TTTGCC TTT TTTG-3') or scrambled siRNA (a universal negative control; 5'-CAC CGT TCT CCG AAC GTG TCA CGT CAA GAG ATT ACG TGA CAC GTT CGG AGA ATT TTTTG-3') using Lipofectamine 2000 (Invitrogen; Thermo Fisher Scientific, Inc.), according to the manufacturer's protocol.
Cell proliferation assay. A172 cells were transfected with either KIF2A siRNA or scrambled siRNA and seeded at a density of 1.0x10 4 cells/well in a 96-well plate. Following incubation for 0, 24, 48 and 72 h, a CCK-8 assay (Yiyuan Biotech Inc., Guangzhou, China) was performed to measure cell proliferation, according to the manufacturer's protocol. The optical densities were measured at 450 nm using a TECAN Infinite ® M200 microplate reader (Tecan US, Durham, NC, USA).
Matrigel invasion and Transwell migration assays.
The effects of KIF2A on the invasion and migration of glioma cells were evaluated using a Matrigel invasion and a transwell migration assay in a 24-well Transwell, containing polycarbonate filters with 8 mm pores (Costar, Corning, NY, USA). For the Matrigel cell invasion assay, the inserts were precoated with 50 µl Matrigel matrix (dilution at 1:3; BD Bioscience, Franklin Lakes, NJ, USA), according to the manufacturer's protocol. At 48 h after the transfection with KIF2A siRNA or scrambled siRNA, the A172 cells were trypsinized (Invitrogen; Thermo Fisher Scientific, Inc.) and adjusted to 1x10 6 cells/ml in DMEM. DMEM (600 µl), containing 10% FBS was loaded in the lower chamber and 100 µl resuspended cell solution was plated in the upper chamber. The plates were subsequently incubated for 16 h under normal conditions, after which non-invading or non-migrating cells on the upper surface of the membrane were removed from the chamber. The cells, which had invaded the lower surface of the membrane were fixed and stained with crystal violet (Sangon Biotech Co., Ltd.). The cells, which had migrated to the lower surface of the membrane were fixed and stained with eosin (ZSGB-Bio). The number of invading and migrating cells was calculated using a microscope (Olympus IX51; Olympus, Tokyo, Japan) at a magnification of x200 in five random fields. Three independent experiments were performed.
Gelatin zymography. Gelatin zymography assays were performed, as previously described (15), with minor modifications. Briefly, equal quantities of protein in the serum-free supernatant from transfected cells was diluted in 5X sample buffer [10% SDS (w/v); 0.05% bromophenol blue (w/v) and 0.25 M Tris-HCl (pH 6.8)] and incubated at room temperature for 10 min. Subsequently, the proteins were separated by 10% SDS-PAGE, containing 1 mg/ml gelatin (Sigma-Aldrich, St. Louis, MO, USA). Each gel was subsequently transferred onto a clean glass container and washed in 2.5% Triton X-100 twice for 45 min. The gels were incubated in a development buffer [50 mM Tris-HCl; 150 mM NaCl; 5 mM CaCl 2 ; 1 µM ZnCl2 and 0.02% NaN 3 , (pH 7.5)] for 16 h at 37˚C. Next, the gels were stained with 0.1% Coomassie brilliant blue R-250 (w/v; Sigma-Aldrich) in 45% methanol and 10% acetic acid for 1 h and were subsequently destained in 10% acetic acid for two 30 min washes. Clear bands were visualized in the areas where the gelatin was degraded. The bands were analyzed using densitometry with Image J software 1.46r (National Institute of Health, Bethesda, MD, USA). Three independent experiments were performed. 
Flow cytometric analysis of apoptosis. An Annexin V-fluorescein isothiocyanate (FITC) and Propidium Iodide (PI) Apoptosis
Detection kit (BestBio, Shanghai, China) was used to assess the apoptotic rate of the A172 cells pretreated with scrambled siRNA or KIF2A siRNA, according to the manufacturer's protocol. Briefly, A172 cells transfected with scrambled siRNA or KIF2A siRNA were seeded into 12-well plates and cultured under normal conditions for 48 h. The cells were subsequently collected with trypsin (no EDTA), washed twice with cold PBS, resuspended with binding buffer and incubated with Annexin V-FITC and PI staining solution in the dark for 10 min at room temperature, and the apoptotic rate was immediately quantified using a FACSCalibur flow cytometer (BD Biosciences, San Jose, CA, USA). Three independent experiments were performed.
Statistical analysis. Statistical analysis was performed using SPSS 17.0 software (SPSS, Inc., Chicago, IL, USA) for Windows. The χ 2 test was used to examine the correlation between the expression of KIF2A and various clinicopathological parameters. Student's t-test or Mann-Whitney U test was used for statistical analyses. P<0.05 was considered to indicate a statistically significant difference. Table I . The present study evaluated the mRNA and protein expression levels of KIF2A in fresh glioma tissues by RT-qPCR and IHC, respectively. The mRNA expression levels of KIF2A were demonstrated to be significantly higher in grade III-IV glioma tissues compared with those in grade I-II glioma tissues (Table I; P<0.05). IHC analysis results showed that KIF2A was predominantly localized in the nucleus and cytoplasm of cancer cells (Fig. 1) . Among the grade III-IV glioma specimens, 14 (40.0%) were positively stained and 6 (17.14%) revealed no staining. Among the grade I-II glioma specimens, 5 (14.29%) were positively stained and 10 (28.57%) revealed no staining. A significant increase in the protein expression of KIF2A was observed in grade III-IV glioma compared with grade I-II glioma (P<0.05; Table I ). Representative images are shown in Fig. 1 
Results

mRNA and protein expression levels of KIF2A were significantly higher in grade III-IV compared with those in grade I-II glioma tissues. A summary of the patient clinicopathological features is provided in
KIF2A knockdown significantly inhibits proliferation and induces apoptosis in A172 cells.
To identify the functions of KIF2A in malignant glioma cells, the expression of KIF2A in the A172 and U251 glioma cell lines was analyzed. RT-qPCR results revealed that the mRNA expression of KIF2A was significantly higher in A172 cells compared with in U251 cells ( Fig. 2A; P<0 .001). The A172 cells were therefore selected for the in vitro experiments in the present study. Briefly, the human glioma cell lines, A172 and U251, were passaged to obtain the appropriate cells. The A172 and U251 cells were 
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grown in DMEM supplemented with 10% heat-inactivated FBS at 37˚C in 5% CO 2 . Total RNA was extracted from the A172 and U251 cells, then reverse transcribed into cDNA and amplified by RT-qPCR. The A172 cell line then underwent further study. Compared with the scrambled siRNA group, A172 cells transfected with KIF2A siRNA exhibited significantly downregulated mRNA expression of KIF2A in a time-dependent manner (Fig. 2B) . Consistent with the mRNA results, the protein expression of KIF2A was also lower in A172 cells transfected with KIF2A siRNA for 48 h, compared with the scrambled siRNA group (Fig. 2C) . The above results suggested that the specific siRNA targeting KIF2A significantly decreased the mRNA and protein expression levels of KIF2A. The CCK-8 assay was used to investigate the effect of KIF2A on the proliferation of A172 cells. KIF2A knockdown inhibited A172 cell proliferation in a time-dependent manner (Fig. 3A) . To assess whether the decreased cell number was due to apoptosis, induced by KIF2A siRNA, apoptosis in A172 cells following siRNA transfection was examined. As shown in Fig. 3B and C, a higher number of apoptotic cells were observed among the A172 cells transfected with KIF2A siRNA, compared with the control cells (P<0.0001). The above data suggested that KIF2A may be important in the proliferation and apoptosis of glioma cells.
KIF2A knockdown significantly inhibited the invasion and migration capacities of A172 cells by regulating the activity and expression of MMP-2. Matrigel cell invasion and
Transwell cell migration models were performed to analyze the effect of KIF2A expression on the invasion and migration capacities of A172 cells. Compared with the cells transfected with scrambled siRNA, the invasion and migration capacities of A172 cells were significantly inhibited by KIF2A knockdown ( Fig. 4A and B ; P<0.001 and P=0.001, respectively).
Matrix metalloproteinases (MMPs) are a group of peptidases involved in the degradation of the extracellular matrix, and accumulated data have suggested that MMPs contribute to the invasion and migration processes of glioma cells (16) . Gelatin zymography was performed to analyze (Fig. 4C ) and statistical analysis (Fig. 4D ) demonstrated that KIF2A siRNA significantly decreased MMP-2 activity in the supernatant of A172 cells when compared with the scrambled siRNA (P=0.016). By contrast, MMP-9 activity was barely detected in the supernatant of A172 cells transfected with either indicated siRNA. Western blot analysis further demonstrated that KIF2A silencing significantly reduced the expression of MMP-2 (P=0.020; Fig. 4E and F) , and MMP-9 expression levels were below detection limits (data not shown).
Discussion
The aim of the present study was to evaluate the expression of KIF2A in glioma tissues, assess the association between the expression of KIF2A and clinical parameters, as well as identify the functions of KIF2A in malignant glioma cells. KIF2A, a member of the kinesin-13 family, was first cloned from the murine central nervous system by degenerate PCR in 1992 (17) , and is said to act as the key factor in human neuronal diseases (17, 18) . KIF2A has been reported to specifically localize to centrosomes and spindle poles (19) , and is important in both bipolar spindle assembly and chromosome movement during mitosis (19, 20) . A previous study reported that errors in the process of mitosis may result in numerous defects in daughter cells, thereby leading to carcinogenesis (21) . Other previous studies on malignant tumor types have demonstrated that the overexpression of KIF2A is associated with tumor progression, including that of SCCOT and breast cancer (10, 11) ; however, the expression of KIF2A and its correlation with various clinical parameters in glioma remain unclear.
In the present study, the findings of RT-qPCR and IHC analysis demonstrated that the mRNA and protein expression levels of KIF2A were significantly higher in grade III-IV glioma tissues compared with those in grade I-II glioma tissues, and that the expression of KIF2A was notably correlated with glioma grade (Table I) . This result was consistent with previous studies performed on breast cancer and SCCOT (10, 11) , and suggested that KIF2A may be involved in the regulation of glioma tumor progression.
Previous studies have reported that the knockdown of KIF2A in somatic or cancer cells can lead to a marked increase in monopolar spindles (9, 20) . Therefore, KIF2A may be important in the proliferation and apoptosis of those cells. In the present study, it was revealed that KIF2A knockdown significantly inhibited the proliferation of A172 cells (Fig. 3A) , which supported the findings of previous studies on breast It was further demonstrated that KIF2A knockdown significantly induced apoptosis in A172 cells. A previous study also reported that KIF2A has a central role in the apoptosis of malignant cells (22) . The precise mechanisms by which KIF2A regulates the proliferation and apoptosis of glioma cells remain to be elucidated. Cellular morphology is supported by the cytoskeleton, and cytoskeletal reorganizations have important effects on the migration of neoplastic cells (12) . Microtubules (MTs) are fundamental components of the cytoskeleton in eukaryotic cells. Accumulating evidence has revealed that decreases in MTs and MT depolymerization are important in the invasion and migration capacities of malignant tumors (23, 24) . Certain previous studies have proposed that KIF2A has microtubule-depolymerizing activity (9, 25) , which means that KIF2A may be involved in the movement of cells. In the present study, it was shown that KIF2A knockdown significantly inhibited the invasion and migration capacities of A172 cells (Fig. 4A and B) ; similar results have also been demonstrated in previous studies on breast cancer and SCCOT (10, 11) . The present study further identified why KIF2A knockdown regulates the invasion and migration capacities of A172 cells. Due to the important role of MMPs in the invasion and migration of glioma cells (16) , the activity and expression of MMP-2/9 in A172 cells transfected with KIF2A/scramble siRNA were analyzed by gelatin zymography and western blot analysis. The results revealed that KIF2A significantly inhibited the activity and expression of MMP-2 in A172 cells, however, the activity and expression of MMP-9 were below the detection limit (Fig. 4C-F ). The precise mechanism by which KIF2A regulates the expression and function of MMP-2 remains to be elucidated.
In conclusion, the findings of the present study demonstrated that the expression of KIF2A was upregulated in grade III-IV glioma tissues compared with that in grade I-II glioma tissues, and that it was markedly correlated with glioma grade. Furthermore, it was revealed that KIF2A knockdown significantly inhibited proliferation and induced apoptosis in A172 cells, as well as significantly inhibited the invasion and migration capacities of A172 cells by regulating the activity and expression of MMP-2. These results suggested that KIF2A has a central role in glioma development and that the inhibition of KIF2A expression may prove to be a promising target in the control of glioma.
